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Motivation

• The frozen QCD coupling is often used as an
effective fixed coupling.

• Supposed to mimic running coupling effects
and/or the lack of knowledge of alfa(s) in the
infrared region.

• Usually its value is fixed from the analysis of
the experimental data, for a given process.
Scale of alfa(s) is unknown a-priori.



 



Quick history - infrared region

• e+e- annihilation, QCD and duality.





QCD:

Duality: compare moments E.Etim,M.G.,1975



“Frozen alfa(s)”:  contin. of alfa(s) at low energy.
M.G., Penso, Srivastava, Phys.Rev.D,1980.



Quick history - infrared region

• e+e- annihilation, QCD and duality.

• Pt - distributions from QCD resummation.
Curci, M.G., Srivastava, Phys.Rev.Lett. 1979







Quick history - infrared region

• e+e- annihilation, QCD and duality.

• Pt -distribution from QCD resummation.

• Power-behaved contribs. to hard processes
in QCD from non perturbative effects.
Dokshitzer, Marchesini and Webber, Nucl.Phys. 1996

• …..



Quick history - perturb. region

• Complicated  calcs. --> alfa(s) fixed
Which scale?

• Leading Log. Approximations

• Summing double/single  logs

• Small x, DGLAP, BFKL



Recent analysis - E.P.J.Plus 128(2013)
Ermolaev,M.G.,Troyan

• Novel way to define frozen couplings,
independently from experiments.

• Three kinds of couplings:
DLA  - spacelike arguments
DLA  - timelike arguments
SLA  (ex. BFKL)

• Our estimates agree with results
available in literature.



Simple mathematical argum.

• Consider:

 (A)   f(x) varies much faster than g(x)

(B)   f(x) and g(x) vary similarly



DIS structure functs. from evolution equations

Leading DL contribs. at small x

---->

Which scale?Ermolaev, Troyan,PL 2008



Principle of minimal sensitivity  Stevenson 1981

• (i) Factorized gluon timelike (DIS)

• (ii) Factorized gluon spacelike (e+e- , DY)

- Agrees with previous e+e- estimates



Further check with intercepts in DIS

• Regge asymptotics calculated in DLA
with fixed alfa(s) for
Ermolaev,Manaenkov,Ryskin,Bartels 1996

•  Same calculation taking into account
running alfa(s) effects
Ermolaev,M.G.,Troyan 2000-’01-’04

• Two results agree within 10-15%
Frozen coupling --> larger intercepts



Frozen coupling for SLA
• Well-known ex. BFKL Pomeron (LO, NLO). Scale

fixed a posteriori  Brodsky,Fadin,Kim,Lipatov 1999

(i)  Apply PMS -->

(ii) Define averaged coupling

--

-->

-- Agrees  with previous estimates



Conclusions

• Novel way to define the frozen QCD
couplings and fix their value.

• It depends on the type of leading logs.
DLA/SLA, and space-/time-like argums.

• Insight in the infrared region.
• Our estimates, based on PMS, agree

with previous results within a few %,
with no use of experimental data.
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